General materials and methods: All NMR-spectra were recorded using a Bruker AVANCE DRX-400 instrument (400.13 MHz in 1 H, 162.00 MHz in 31 P, and 100.62 MHz in 13 C) in solvents as specified.
C and
1 H chemical shifts are given in ppm. Most assignments in 1 H-NMR were made by standard 1 H-1 H-COSY. Silica gel column chromatography was generally carried out using Matrex silica, 60 Å (35-70 m, Amicon). TLC-analysis was carried out on pre-coated plates, Silica Gel 60 F254 (Merck), with detection by UV-light and/or by charring with 8 % sulfuric acid in methanol. Solutions were concentrated under reduced pressure at temperatures not exceeding 40 °C. Reagents were of ordinary commercial grade and solvents of commercial p.a. grade. Solvents were dried, over 4Å (pyridine, CH2Cl2, and dioxane) or 3Å (methanol, ethanol and acetonirile) molecular sieves. THF was distilled at atmospheric pressure over LiAlH4, prior to use. Toluene, cyclohexane and diethylether were dried over sodium wire. Reversed-phase HPLCchromatography was accomplished on a Jasco apparatus. The UV detection was carried out at 254 nm. Mass analysis was performed on a Micromass LCT ESI-TOF mass spectrometer using leucine enkephalin as an internal lock mass standard. Oligonucleotides dO1-dO4 were purchased from Scandinavian Gene Synthesis, except a second lot of dO4 that was purchased from Eurogentec S.A. (Belgium). Compound 1 was synthesized as described earlier. [14] Oligonucleotides were analyzed in negative mode as solutions in acetonitrile/water, 1:1 (v/v).
5'-O-monomethoxytrityl-2'-O-(N-(trifluoroacetamidoethyl)-carbamoyl)methyladenosine
(1). 5'-OMonomethoxytrityladenosine (2.50 g, 4.77 mmol) was dried by evaporation of added dry tetrahydrofuran (THF, distilled from LiAlH4 LAH)) and then dissolved in 200 ml dry THF. Potassium tertbutoxide (0.696 g, 6.20 mmol) was added and after 15 min allyl bromoacetate (1.12 g, 6.20 mmol). The reaction was stirred for 2 h and TLC showed that all of compound 1 was consumed. The THF was evaporated under reduced pressure and 100 ml EtOH (99.8% dried over 3Å molecular sieves) and ethylenediamine (2.87 g, 47.7 mmol) was added. The reaction mixture was stirred for 2 h and 100 ml dry THF was added and the reaction was left over night at room temperature. TLC showed complete conversion of the alkylated products. The solvent was evaporated and the excess ethylenediamine was removed by co-evaporation with added dioxane four times (4x15 ml). The solid material was dissolved in 200 ml dry CH2Cl2 and triethylamine (1.45 g, 14.31 mmol) and trifluoroacetic anhydride (TFAA, 1.65 g, 7.85 mmol) were added. TLC showed that the reaction was complete after 2 h at room temperature. The reaction mixture was washed with a total of 400 ml water/brine 1:1. The organic layer was dried with MgSO4 and concentrated. The crude product was purified by column chromatography on silica using CH2Cl2/methanol (15:1 with 0.005% triethylamine) as eluent giving 2.7 g (77%) of 4 as a white foam. A slightly modified version of this reaction was performed with methyl bromoacetate instead of the allyl reagent, with the difference that the ethylenediamine was dried first by two times evaporation of added n-butanol and then three times with dioxane. The same product 4 was then obtained in a total yield of 72%. Elemental analysis: Calcd. For C36H36N7O7F3 : C, 58.77; H, 4.93; N, 13.33. Found: C, 58.57; H, 5.03; N, 13.16 . 
Synthesis of N 6 -benzoyl-5'-O-(4-monomethoxytrityl)-2'-O-(2-N-trifloroacetamidoethyl)-carbamoylmethyl)adenosine 3'-O-[Cyanoetyl (N,N-diisopropylamino)phosphoramidite (3).
Compound 1 (2.6 g, 3.53 mmol) was dried twice by evaporation of added acetonitrile (dried over 3 Å molecular sieves) and dissolved in 80 ml dry CH2Cl2. To the solution triethylamine (3.94 ml, 28.27 mmol) was added followed by trimethylsilyl chloride (TMSCl, 0.902 ml, 7.06 mmol). The reaction was left for 2 h and an additional portion of TMS-Cl (1.77 mmol) was added wherupon the reaction was left for 30 min. A catalytic amount of DMAP (20 mg) was added to the solution. The solution was chilled to -10 o C and benzoyl chloride (0.819 ml, 7.06 mmol) was added. The reaction was left to reach room temperature and after 3 h another portion of benzoyl chloride (1.77 mmol) was added and the reaction was thereafter left overnight. The solution was extracted with CH2Cl2 (200 ml) and washed twice with a mixture of (H2O 50 ml / brine 50 ml / NaHCO3, 0.1 M, 50 ml) then (H2O 100 ml / brine 100 ml). The organic layer was dried over Na2SO4 and evaporated to give a pink foam. The crude product was dissolved in ethanol (60 ml, 99.5%) and ammonium hydroxide (12 ml, 30 %) and left for 1 h. Removal of solvent under reduced pressure yielded the crude product which was chromatographed on silica gel using CH2Cl2-MeOH (10:1 containing 0.05 % triethylamine) as eluent yielding 2 (2.75 g, 93 %) as a white foam (MS (ES-TOF) [M-H] + calcd for C43H39F3N7O8 838.2969; found 838.3000). 1.60 g, (1.90 mmol) of 2 was then dried twice by evaporation of added THF (distilled over LiAlH4) and dissolved in dry THF (40 ml). Triethylamine (1.30 ml, 7.60 mmol) and then 2-Cyanoethyl N,N-diisopropylchlorophosphoramidite (0.848 ml, 3.8 mmol) were added dropwise with a syringe under nitrogen atmosphere during 2 min. The reaction mixture was left stirring for 30 min and then concentrated until 5 ml of solution remained. To the solution ethyl acetate (150 ml) was added. The crude solution was extracted twice with a mixture of (brine 50 ml/NaCO3, 10 % (aq), 50 ml/H2O 50 ml).
Electronic Supplementary Material (ESI) for Chemical Communications. This journal is © The Royal Society of Chemistry 2015
The organic layer was dried over Na2SO4 and removal of solvent under reduced pressure yielded the crude product as colorless foam. The crude product was dissolved in ethyl acetate (EtOAc, 10 ml) and was dropped with a syringe into hexane (180 ml) at -78 °C. After filtration the precipitate was collected and dried to give a white solid. The solid was chromatographed over silica gel using (EtOAc/MeCN 13:1 containing 1 % triethylamine) as eluent yielding 3 (as a mixture of the two phosphorus isomers in a 41 to 59 ratio) (1.86 g, 94 %) as white foam.
1 H-NMR (CDCl3) Figure S1 . Proton-NMR spectrum of compound 3
Synthesis of 2'-O-AECM modified oligonucleotides (O1-O4) and non-modified oligonucleotides (dO1-dO4).
The oligonucleotides were synthesized on an Applied Biosystems 392A DNA/RNA synthesizer. Monomers for the solidphase synthesis were dried in vacuo in the presence of CaH2 prior to use. Oligonucleotides were assembled on preloaded CPG cartridges using 2-cyanoethyl phosphoramidite chemistry compound 4 and commercial reagents [5'-DMTdN-3'-P(OCE)NiPr2 ] dN = dU, dA Bz , dC Ac , dG iPrPac , in a 1.0 μmol scale using the manufacturer's protocols and 10 min coupling time. For the detritylation step after coupling with compound 4 an extra round of 1 minute acid treatment was used. After synthesis the resin was transferred from the cartridge to a tightly sealed container and treated with 2 ml ethylenediamine solution (20% in methanol) for 24 h at room temperature. The CPG-resin was then removed by filtration and washed with 4 ml methanol and 4 ml H2O. The filtrate was evaporated under reduced pressure at 40 o C and further dried by twice evaporating added ethanol (99.8 %. 3 ml). H2O was added and the crude oligonucleotide product lyophilized. The oligonucleotides were then purified with RP HPLC using an ODS Hypersil (250 × 10 mm, 5m) column. A flow rate of 4 ml/min and a temperature of 50 C was used. First 100 % buffer A was flushed through for 3 min, then a linear gradient of 0-50 % buffer B over 40 min was used. Buffer A: 50 mM triethylammonium acetate in water (pH 6.5); Buffer B: 50 mM triethylammonium acetate (pH 6.5) in 50 % aqueous acetonitrile. The oligonucleotides were lyophilized three times before use and stored frozen. MS (ES-TOF) [M-H] -mass of the oligonucleotides: O1: C187H245N86O106P16 -= 5889; found, 5890; O2: C178H236N89O95P14 -=5576; found, 5577; O3: C154H211N71O83P12 -= 4756; found, 4758; O4: C178H251N89O87P12 -= 5401; found, 5402.
Synthesis of the fluorescein labelled 2'-O-AECMA10 and dA10 oligonucleotides (O5 and dO5
). The oligonucleotides were synthesized on an Applied Biosystems 392A DNA/RNA synthesizer. Monomers for the solid-phase synthesis were dried in vacuo in the presence of CaH2 prior to use. Oligonucleotides were assembled on pre-loaded CPG cartridges 3'-(6-Fluorescein)-CPG purchased from Glen Research, using 2-cyanoethyl phosphoramidite chemistry and compound 4 and N 6 -benzoyl-5'-O-DMT-dA-3'-P(OCE)NiPr2 (also from Glen Research) respectively at 1.0 μmol scale using the manufacturers protocols (and 1 min additional acid treatment after coupling with 4, as above) with 10 min coupling time. After synthesis the resin was transferred from the cartridge and treated with 2 ml ethylenediamine solution (20% in methanol) for 24 h at room temperature in a tightly sealed flask. The CPG resin was then removed by filtration and washed with approximately 4 ml methanol and 4 ml H2O. The filtrate was evaporated under reduced pressure at 40 o C and dried by twice evaporating added ethanol (99.8 %, 3 ml). H2O was added and the crude oligonucleotides were lyophilized. The oligonucleotides were then purified with RP HPLC using an ODS Hypersil (250 × 10 mm, 5 m) column. A flow rate of 4 ml/min and a temperature of 50 C was used. First 100 % buffer A was flushed through for 3 min, then a linear gradient of 0-50 % buffer B over 40 min was used. Buffer A: 50 mM triethylammonium acetate in water (pH 6.5); Buffer B: 50 mM triethylammonium acetate (pH 6.5) in 50 % aqueous acetonitrile. The oligonucleotides were lyophilized three times before use and stored frozen. MS (ES-TOF) [M-H] -mass of the Oligos: dA10 calculated for C128H146N51O58P10 -=3637; found, 3637; 2'-O-AECMA10: calculated for C168H226N71O78P10 -=4798; found, 4798.
